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REVIEW OF NON-OIL AND GAS RESEARCH IN
THE HOUSTON-GALVESTON-GULF COAST
AREA

THURSDAY, DECEMBER 4, 2003

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY,
COMMITTEE ON SCIENCE,
Washington, DC.

The Subcommittee met, pursuant to call, at 1:30 p.m., in the
Baker Institute Auditorium, Baker Hall, Rice University, Houston,
Texas, Hon. Judy Biggert [Chairwoman of the Subcommittee] pre-
siding.
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HEARING CHARTER

SUBCOMMITTEE ON ENERGY
COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Review of Non-0il and Gas
Research Activities in the
Houston-Galveston-Gulf Coast Area

THURSDAY, DECEMBER 4, 2003
1:30 P.M.
BAKER INSTITUTE
BAKER HALL, RICE UNIVERSITY
HOUSTON, TEXAS

1. Purpose of Hearing

On December 4, 2003 the Energy Subcommittee will hold a hearing to review the
extensive non-oil and gas energy research that is being conducted in the Houston-
Galveston-Gulf Coast area. This part of Texas hosts the highest concentration of the
domestic oil and gas industry in the country. All of the multi-national oil companies
also have extensive operations and facilities in the area. However, the area research
community is very diversified and has extensive capabilities outside of the oil and
gas sector. The hearing will take testimony on the scope of these activities and how
current research being conducted in the areas is contributing to advances in energy
conservation, efficiency and production.

2. Witnesses
The following persons are expected to testify:

¢ Mr. Todd Mitchell, President; Houston Advanced Research Center, The Wood-
lands, TX

¢« Dr. Richard Smalley, University Professor, Director of the Carbon
Nanotechnology Lab., Rice University, Houston, TX

¢ Dr. Mark Holtzapple, Professor, Department of Chemical Engineering, Texas
A&M University, College Station, TX

¢ Robert (Bob) Hennekes, Vice President, Technology Marketing, Shell Global
Solutions, Houston,

¢ Dr. Franklin Chang-Diaz, Johnson Space Center, Houston, TX

3. Background

For much of the 20th century Texas was the world leader in oil and gas produc-
tion. In the 1920s discoveries of giant fields at Spindletop, east of Houston; The East
Texas field, about 250 miles north of Houston and the beginning of the discoveries
of oil and gas in West Texas put Texas on a course of transition of a largely agricul-
tural economy to one heavily based on energy.

Oil production in Texas was so prolific that proration orders were put into effect
in the 1930’s to prevent waste and over-production that led to reservoir damage.
During World War II, the Big Inch and Little Inch Pipelines were built to move oil
safely from Texas to the East Coast over land and out of reach of German sub-
marines. Much of it was refined in Pennsylvania and New Jersey and shipped to
our armed forces and allies in Western Europe. After WWII markets for natural gas
developed and the interstate natural gas pipeline system grew rapidly, generally
spreading from Texas and Louisiana west, north and east to supply markets on the
West Coast, Midwest and East Coast. However, by 1965 oil production had peaked
and peak natural gas production followed about a decade later. Much oil and gas
research was performed in Texas, primarily by the major oil companies, but almost
all of those facilities have been closed as the industry has been squeezed the peri-
odic downturns in the price of crude oil and natural gas and their production inter-
ests moved overseas.

The strong influence of the oil and gas industry has created a highly capable and
adaptable research community in the area, characterized by a combination of uni-
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versities, private research institutions and corporations. As oil and gas fortunes
have changed the research community has moved into other energy areas and is
among the leaders in a number of non-oil and gas areas. This hearing will dem-
onstrate the diverse nature of the Houston-Galveston area research community and
provide the Subcommittee new information on technologies being developed that
may have a substantial impact on meeting the Nation’s future energy needs.
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Chairwoman BIGGERT. And I guess we have sound now.

Did Dr. Levy want to say anything? Dr. Levy, would you like to
say anything? We thank you very much for——

Dr. LEvy. Thank you, Madame Chairman.

I am really please to welcome you this afternoon. My name is
Eugene Levy. I'm the Provost of the University, and it’s my pleas-
ure to welcome you on behalf of the President Board of Trustees
to the Rice Campus where we are very pleased to be hosting this
gathering of participants from the scientific community and others
who can share information with key policy makers from the United
States Congress.

Today we are particularly honored by the presence of Congress-
woman Judy Biggert from the Thirteenth Congressional District of
Illinois and Chair of the Subcommittee on Energy of the House of
Representatives Committee on Science.

In addition to chairing the Energy Subcommittee, Congress-
woman Biggert is also a Member of Subcommittees of Environ-
ment, Technology, Standards, Education Reform and other commit-
tees.

Representative Biggert, we are really pleased you chose Rice as
the venue for today’s hearing.

Chairwoman BIGGERT. Thank you.

Dr. LEvy. Also honoring us with her presence today, we had ex-
pected the Chair of the Texas Delegation to the 108th Congress
and a Member of the Research and the Space and Aeronautics Sub-
committees of the House Committee on Science, The Honorable
Sheila Jackson Lee, who I see is not yet with us, but I assume will
join us soon.

And finally, it is my real pleasure to see again and to welcome
Congressman Nick Lampson, the Ranking Minority Member of the
House Science Committee’s Energy Subcommittee and also a Mem-
ber of the Space and Aeronautics Subcommittee in the House, an
especially fitting assignment inasmuch as Congressman Lampson’s
District includes the NASA Johnson Space Center here in Houston.

Congressman Lampson, we are really delighted that you are here
as well.

Mr. LaMPSON. Thank you.

Dr. LEvy. Houston is a world leader in the international fossil
fuel industry which has been so crucial to the development of mod-
ern society and prosperity throughout the world. Probably it is fair
to say that the easy, relatively easy availability of fossil fuel energy
has been among the handful of the singularly important factors
that enable modern life. But now several factors point us to con-
template the time, probably the not so distant time, when cir-
cumstances dictate the necessity of developing other approaches to
the generation and distribution of energy. Not as smaller secondary
adjuncts anymore, but as main supply massive primary sources of
energy. The reasons for this necessary transformation are several,
and I am sure you will be hearing about them this afternoon.

Meeting the need for new energy sources is a combined scientific
engineering, economic and policy challenge. Houston scientific, en-
gineering and policy community, and certainly Rice’s community, is
among those eager to take on that challenge. Meeting the new en-
ergy needs will entail marshalling capabilities and imagination and
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numerous spheres including nanotechnology, information tech-
nology, environmental technology and especially in the new and
challenging areas that lie at the intersection of those fields includ-
ing through Policy Studies Center here, at Rice’s Baker Institute
for Public Policy on the campus.

The Baker Institute, I should remark here, has established an
especially important and prominent position in energy policy stud-
ies. So what’s especially pleasing to us about having this hearing
on the Rice campus is that it is potentially so forward looking a
conversation. At Rice we have also been especially focused on look-
ing forward to plot a future for the university that will realize it’s
potential for service to society in the highest possible way.

Altogether, our continuing aspiration for Rice is to define and oc-
cupy a position at the cutting edge of service to our society through
research, education and outreach to the community, including im-
portantly, outreach to the public schools with this entire crucial en-
deavor ultimately gets started. It is in that overall spirit that we
welcome this hearing and Members of Congress, and the rest of
you to the Rice campus. The spirit that animates this session needs
to spread widely throughout our society.

So, again, I welcome you to Rice and trust that we all learn a
great deal, and that that will help us move forward together into
a very bright future.

Thank you, and welcome to the campus.

Chairwoman BIGGERT. Thank you very much, Dr. Levy.

And I would like to welcome everyone here to this field hearing
of the Energy Subcommittee of the House Science Committee.

The purpose of the hearing today is to take a look at non-oil and
gas research in the Houston area. That might be difficult because
we always think from other states that this is the center of the oil
and gas. But now granted, this is very broad but so too are the
knowledge and research territory covered by the panel we will hear
from today. Combining expertise from universities, private research
institutes, corporations and federal science agencies like NASA, to-
day’s panel will cover a broad range of issues and technologies from
high temperature plasmas to rotary combustion engines. And I'd
like to thank our panelists for attending today, and I want to thank
Rice University for graciously hosting us.

As Chairman of the Energy Subcommittee, I've enjoyed serving
with Mr. Lampson in his role as Ranking Minority Member. And
during the development of the R&D provisions in the Energy Bill,
he and Representative Jackson Lee championed the development of
the first comprehensive report on oil and gas resources off the
shores of Texas and Louisiana. And Mr. Lampson made sure the
bill included a project to demonstrate the benefits of fuel cells in
local residential neighborhoods that are in close proximity to refin-
ers that produce hydrogen. So we know northerners mostly know
Texas for its history of oil and gas production, but the Lone Star
Statehalso supports a diverse portfolio of innovative energy re-
search.

In addition to research on carbon sequestration and thermo-
nuclear fusion, researchers throughout Texas are working to create
a new engine that could displace the internal combustion engine,
generate hydrogen from various carbon feed stocks such as biomass
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and municipal solid waste, harness the power of nanotechnology to
improve all types of energy production and conversion, and reduce
the energy use of buildings and vehicles.

So Members of our Energy Subcommittee, like so many in at-
tendance today, understand the importance of developing energy
alternatives and new energy technologies, particularly in light of
our increasing dependence on foreign sources of oil. Combine that
over-reliance with the environmental impact of fossil fuel emissions
and the research we will discuss today becomes even more crucial.

What I like most about the National Energy Policy proposed by
President Bush two years ago and the Energy Bill Conference re-
port recently passed by the House is that both emphasize the use
of advanced technology to expand and diversity our energy supply,
meet growing demand and reduce the environmental impact of en-
ergy production and use.

Advanced energy technologies grow out of basic science and ap-
plied energy research like that supported by the Federal Govern-
ment and our universities and national laboratories.

In numerous hearings before our committee, witnesses have tes-
tified that affordable energy and a clean and safe environment are
not mutually exclusive. We can lessen our dependence on fossil
fuels, reduce harmful emissions and improve our economic competi-
tiveness by harnessing American ingenuity, putting technology to
work and cutting through some of the red tape that has stifled the
development of new energy supplies and infrastructure. That’s why
I think Texas is an appropriate place to hold this hearing today.
There is a lot of cutting edge research underway here and you are
taking full advantage of the alternative energy supplies available
to you.

Now, it’s true that I'm from the windy city, but it turns out that
Texas is the windy State. For instance, renewable energy growth
in Texas fueled primarily by wind has been remarkable. Texas has
the second largest wind resource in the United States after North
Dakota, and is expected to have more than 1200 megawatts of gen-
erating capacity on line by the end of this year. So, unfortunately
or fortunately there’s not wind everywhere in the United States
like there is in Texas, not even in the windy city of Chicago, where
I blew in from this morning. And that is why it is important that
we continue researching solutions that will work in other parts of
the country such as biomass for the northeast, energy from the
ocean for coastal states, or even nuclear power which provides over
50 percent of emissions free electricity in my own State of Illinois.

As another example, Illinois has significant coal resources, which
is why I am particularly interested in carbon sequestration re-
search. Some day we may be able to combine carbon sequestration
technologies with high tech coal fired power plants to make elec-
tricity and hydrogen for our fuel demands without emitting carbon
dioxide.

America now has the motivation, perhaps like no other time
since the oil crises of the ’70’s, to find newer and better ways to
meet our energy needs. But American also has the ingenuity and
the expertise to meet our future energy demands and promote en-
ergy conservation. And we can do environmentally responsible
ways that set a standard for the world.
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I look forward to the exciting new technologies that each of our
distinguished panelists is working on. So, again, thank you for pre-
senting testimony to the Committee today.

And before getting to the panel, I first recognize Mr. Lampson for
his opening statement.

[The prepared statement of Chairman Biggert follows:]

PREPARED STATEMENT OF CHAIRMAN JUDY BIGGERT

The hearing will come to order.

I want to welcome everyone to this field hearing of the Energy Subcommittee of
the House Science Committee. The purpose of this hearing today is to take a look
at non-oil and gas research in the Houston Area. Now granted, this is very broad,
but so too is the knowledge and research territory covered by the panel we will hear
from today. Combining expertise from universities, private research institutions,
corporations, and federal science agencies like NASA, today’s panel will cover a
broad range of issues and technologies, from high temperature plasmas to rotary
combustion engines. I want to thank our panelists for attending today, and I want
to thank Rice University for graciously hosting us.

As Chairman of the Energy Subcommittee, I've enjoyed serving with Mr. Lampson
in his role as Ranking Minority Member. During development of the R&D provisions
in the energy bill, he and Rep. Jackson Lee championed the development of the first
comprehensive report on oil and gas resources off the shores of Texas and Louisiana.
And Mr. Lampson made sure the bill included a project to demonstrate the benefits
of fuel cells in local residential neighborhoods that are in close proximity to refiners
that produce hydrogen.

We Northerners mostly know Texas for its history of oil and gas production, but
the Lone Star State also supports a diverse portfolio of innovative energy research.
In addition to research on carbon sequestration and thermonuclear fusion, research-
ers throughout Texas are working to:

* create a new engine that could displace the internal combustion engine,

¢ generate hydrogen from various carbon feedstocks such as biomass and mu-
nicipal solid waste,

¢ harness the power of nanotechnology to improve all types of energy produc-
tion and conversion, and

* reduce the energy use of buildings and vehicles.

Members of our Energy Subcommittee, like so many in attendance here today, un-
derstand the importance of developing energy alternatives and new energy tech-
nologies, particularly in light of our increasing dependence on foreign sources of oil.
Combine that over-reliance with the environmental impact of fossil fuel emissions,
and the research we will discuss today becomes even more crucial.

What I liked most about the National Energy Policy proposed by President Bush
two years ago, and the energy bill conference report recently passed by the House,
is that both emphasize the use of advanced technology to expand and diversify our
energy supply, meet growing demand, and reduce the environmental impact of en-
ergy production and use. Advanced energy technologies grow out of basic science
and applied energy research like that supported by the Federal Government at our
universities and national laboratories.

In numerous hearings before our committee, witnesses have testified that afford-
able energy and a clean and safe environment are not mutually exclusive. We can
lessen our dependence on fossil fuels, reduce harmful emissions, and improve our
economic competitiveness by harnessing American ingenuity, putting technology to
work, and cutting some of the red tape that has stifled the development of new en-
ergy supplies and infrastructure.

That’s why I think Texas is an appropriate place to hold this hearing today.
There’s a lot of cutting edge research underway here, and you are taking full advan-
tage of the alternative energy supplies available to you.

Now it’s true, I am from the Windy City, but it turns out that Texas is the Windy
State. For instance, renewable energy growth in Texas, fueled primarily by wind,
has been remarkable. Texas has the second largest wind resource in the U.S., after
North Dakota, and is expected to have more than twelve hundred megawatts of gen-
erating capacity online by the end of the year.

Unfortunately or fortunately, there’s not wind everywhere in the U.S. like there
is in Texas, not even in the “windy city” of Chicago where I blew in from this morn-
ing. That is why it is important that we continue researching solutions that will
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work in other parts of the country, such as biomass for the Southeast, energy from
the ocean for coastal states, or even nuclear power, which provides over 50 percent
of emissions-free electricity in my own State of Illinois.

As another example, Illinois has significant coal resources, which is why I am par-
ticularly interested in carbon sequestration research. Some day we may be able to
combine carbon sequestration technologies with high-tech coal-fired power plants to
make electricity—and hydrogen for our fuel cell cars—without emitting carbon diox-
ide.

America now has the motivation—perhaps like no other time since the oil crisis
of the “70’s—to find newer and better ways to meet our energy needs. But America
also has the ingenuity and the expertise to meet our future energy demands and pro-
mote energy conservation, and we can do so in environmentally responsible ways
that set a standard for the world.

I look forward to hearing about the exciting new technologies that each of our dis-
tinguished panelists is working on. Thank you again for presenting testimony to the
Committee today.

Before getting to the panel, I first want to recognize Mr. Lampson for his opening
statement.

Mr. LaMPsON. Thank you, Madame Chair, and welcome to Texas.

Chairwoman BIGGERT. Thank you.

Mr. LAMPSON. Judy Biggert is a very good Member of Congress,
and a wonderful woman to be able to work with on this committee.
And I am very pleased that you were able to take the time to come
down to Texas and participate in this thing, which I do indeed be-
lieve is a very important hearing for us.

She has been a Member of Congress since 1998. One of the
things that I particularly found impressive about her, many of you
who have followed me at all know that I am involved with some
issues other than the ones that we are here to discuss today, par-
ticularly those that deal with missing children. And Chairwoman
Biggert has been involved with legislation that dealt with the cyber
tip line, making it easier to track and report computer based sex
crimes against children. And doing some other things as far as try-
ing to track down people who have ecstasy and all. So your good
work goes way beyond the work that you do on science. And I am
very pleased that you were able to come over today.

I also know that you have the Argonne National Laboratory lo-
cated within your District, which is very important to you and, con-
sequently, the work that you are doing on science can make a sig-
nificant difference to the people that you represent.

She has been a leading champion of research in science programs
in Congress. And she’s a sponsor of the Energy and Science Re-
search Investment Act which will provide additional resources to
the Department of Energy’s Office of Science and will make organi-
zational changes that will enhance the accountability and oversight
of energy research and science programs at the Department of En-
ergy.

Also I want to thank the folks at Rice. This is a magnificent facil-
ity and it’s always a pleasure to come here. You are always gra-
cious hosts. And it is a thrill to be able to come and continue to
learn about the activities that are going on by the bright men and
women who work at this place and the research activities within
which they are involved.

I also want to welcome this excellent group of witnesses. There
is a tremendous level of non-oil and gas research and development
activity in the Houston/Galveston area. And I wanted to make sure
that the House Science Committee has the benefit of your testi-
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mony as we move forward to tackle these important issues. So I
thank all of you for joining us today.

I have been talking for years about the need for us to make an
orderly transition into what is going to be tomorrow’s driving force
within our economy. And those of us who think about it today and
find out what it is that we can begin to do and move to replace
those activities that we are involved with today, will be the leaders
of tomorrow. And I hope that is us right here in Southeast Texas,
particularly.

The Science Committee’s Subcommittee on Energy is charged
with overseeing research and development programs at the Depart-
ment of Energy. Issues that the Subcommittee deals with range
from alternative sources of energy, renewable energy,
nanotechnology, nuclear energy, cutting edge science performed at
DOE’s national lab. And as a former science teacher I find the
work that this committee does fascinating and extremely important
to our future.

The Science Committee recently moved key aspects of the House
Energy Bill, particularly in the areas of DOE research and develop-
ment. And with a major portion of our current supply coming from
overseas, it is essential that we make significant national invest-
ments in the Department of Energy Research and Development
programs to give us greater control over our future national energy
supply. Got to find ways to being to wean ourselves away from that
and be dependent on ourselves.

Our efforts must be focused now only on fossil fuels, but across
a broad spectrum of energy sources, including wind and solar, nu-
clear, hydroelectric and others.

I am proud of a project that we are looking at in Galveston that
will cause the cruise ships that berth there to be plugged into a
fuel cell, the energy of which will be generated from wind on that
island. So it’s very important.

Conversation and energy efficiency programs are also essential.
And I supported the Energy Bill because I believe it provides us
with a balanced approach to address our future energy needs, and
we owe this to our future generations.

Now, I am going to take a personal privilege and ask Chair-
woman Biggert to allow me to introduce someone who I noticed in
the audience. He was a former Governor of Texas, Mark White.
And I had a conversation with Governor White recently, and it was
interesting because, part, when I told him about this particular
meeting he made a comment that he was discussing these issues
in 1983. And it is interesting that we are continuing to comment
on the same kinds of things.

A company that he is involved with called Texoga is involved
with some, I think very exciting oxygenating fuels technology called
SAFuel. And it is ester based oxygenated fuel that’s run in diesel
engines with greatly reduced emissions and virtually no toxicity or
flammability.

And I thought that it might be appropriate to take a few seconds
and ask him if he would say a word. And I also would ask consent
to enter some information about SAFuel into our record for today.

Chairwoman BIGGERT. Without objection.



11

[The information referred to appears in Appendix 1: Additional
Material for the Record.]

Mr. LAMPSON. Governor White, would you like to make a com-
ment?

[The prepared statement of Mr. Lampson follows:]

PREPARED STATEMENT OF REPRESENTATIVE NICK LAMPSON

I would like to welcome Madam Chairman Judy Biggert to Texas. She chairs the
House Science Committee’s Subcommittee on Energy and has represented her sub-
urban Chicago constituents in the Thirteenth District of Illinois in Congress since
1998.

As a Member of the Science Committee we have worked together to strengthen
our country’s basic science research facilities. And I know this is of particular impor-
tance to the Chair—with Argonne National Laboratory located within her district.

Representative Biggert has been a leading champion of research and science pro-
grams in Congress. She is the sponsor of the Energy and Science Research Invest-
ment Act, which will provide additional resources to the Department of Energy’s Of-
fice of Science, and make organizational changes that will enhance the account-
ability and oversight of energy research and science programs at the Department
of Energy. It is a pleasure to have you here today.

I would like to thank Rice University for being such a gracious host. Rice is
known around the world for their cutting edge science and technology programs. I
couldn’t think of a more appropriate venue for our hearing.

I would also like to welcome this excellent group of witnesses. There is a tremen-
dous level of non-oil and gas research and development activity in the Houston-Gal-
veston area and I wanted to make sure that the House Science Committee has the
benefit of your testimony as we move forward to tackle these important issues.
Thank you for joining us.

The Science Committee’s Subcommittee on Energy is charged with overseeing re-
search and development programs at the Department of Energy (DOE). Issues that
the Subcommittee deals with range from alternative sources of energy, renewable
energy, nanotechnology, nuclear energy, and cutting edge science performed at
DOE’s national labs.

As a former science teacher, I find the work that this committee does fascinating
and extremely important to our future. The Science Committee recently moved key
aspects of the House Energy bill particularly in the areas of DOE research and de-
velopment. With a major portion of our current oil supply coming from overseas, it
is essential that we make significant national investments in Department of Energy
research and development programs to give us greater control over our future na-
tional energy supply.

Our efforts must be focused not only on fossil fuels, but across a broad spectrum
of energy sources including wind, solar, nuclear, hydroelectric and others. Conserva-
tion and energy efficiency programs are also essential. I supported the Energy bill
because I believe it provides us with a balanced approach to our address our future
energy needs. We owe this to future generations.

STATEMENT OF MARK WHITE, FORMER GOVERNOR OF TEXAS

Mr. WHITE. Well, thank you very much, Congressman. I am cer-
tainly delighted that you selected Houston for this hearing, because
I do not guess there is a more important place in our nation for
the production of petrochemical fuels than Houston, Texas, this
part of the country.

You have a distinguished panel here that is located Rice Univer-
sity, which is down the road from a place where I grew up. And
the only way I could ever get into this campus is if I bought a tick-
et to the football game. But I gained admission to the school. I took
science twice in college, and it was not because I liked it so much.
So do not ask me any very deep science question. The chemistry
underlying what I'm about say, and these are observations from a
former public servant and an everyday citizen.



12

But just as we were talking the other day that 20 years ago we
wee having some of these similar discussions and worried and con-
cerned about what we were going to do for energy independence,
what we were going to do about improved quality of our environ-
ment, at the same time retain our economic figure. And we are dis-
cussing that again here this year today.

I had the occasion, Madame Chairman, to call soybean producers
in Illinois and ask a few questions this morning. It was not in an-
ticipation in this hearing. But I want to say that there is some
things going on in Illinois that all of us in this nation could benefit
from in the way in which you all have gone about using soybean
and producing bio-fuels for vehicles up there in your part of the
country. It enhances the—gives fuller utilization to our agricultural
produce. It improves the quality of the emissions from diesel en-
gines dramatically. And with a little support from your State gov-
ernment and I'm sure the Federal Government it makes it eco-
nomically viable.

I think that is something that should be considered in the fuels
that we are talking about. I know many people will say “Well, it
won’t have a big enough impact.” But it seems that every piece of
advance that we make is a positive issue and can do a great deal
of good in the totality if we look at it in that overview.

I wish the Committee would recall but for legislative action and
governmental action, we would probably still be using leaded gaso-
line today in this country. It was a mandate that had to be done
to make those changes.

I think that there are some things that have recurred and evi-
dence again is what I have heard in the State of Illinois. Your soy-
bean producers using that product from agriculture to produce a bi-
diesel that is very environmentally friendly and has very few
downsides that I am aware of. It may be just that sort of thing that
could be required and mandated by the Congress and say this is
what we ought to be doing; let us go do it. It is not unlike what
we see in the health care sciences in which they discovery some
new chemical or some new pill and which can be applied imme-
diately to change the outcome of disease, reverse it. They do not
go forward with another 10 years of research. They stop the re-
search and say the tests have gone so well, we just need to imple-
ment it.

I think we may get that studied in this particular area as far as
bio-diesel concerns. It has been used throughout western Europe to
good effect. It is something that can be blended into our fuels right
now, causes very little change as far as I am aware. No change in
the way in which the fuel settings are adjusted in a diesel engine.
And will give very positive results from the environmental point of
view. Good for farmers, good for environment, helps displace for-
eign imported oil and improves the outflow of funds or reverses the
outflow of funds in our balance of payments.

I think it is something, Madame Chairman, that would be just
fine that could be looked at more thoroughly and quickly with swift
action hopefully following by your Committee.

Thank you, again, for letting me come back here today. I have
enjoyed very much the opportunity to say a few words to you.
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You could not have a more distinguished panel. And quite frank-
ly, I think if we can combine the information you will have here
with what you are doing in the great State of Illinois, we will com-
bine the strong winds of both sources and make a much better
country. Thank you.

Mr. LAMPSON. Thanks, Governor.

Chairwoman BIGGERT. And with that, we will turn on the panels.

I think that I will introduce all of you and then we will start.

Actually, Todd Mitchell is President of the Houston Advanced
Research Center and he’s accompanied by Dan Bullock, HARC Re-
search scientist and Greg Cook, HARC Air Quality Consultant and
former EPA Region 6 Administrator. Welcome.

Dr. Richard Smalley is the Director of the Carbon
Nanotechnology Laboratory right here at Rice University, and he
is accompanied by Dr. Howard K. Schmidt, Executive Director of
the Carbon Nanotechnology Lab and Dr. Robert H. Hauge, the
Technology Director of the Carbon Nanotechnology Lab.

And Mark Holtzapple, Department of Chemical Engineering,
Texas A&M University. Welcome.

And Robert Hennekes, Vice President of Technology Marketing,
Shell Global Solutions.

Franklin Chang-Diaz, NASA Astronaut and Director of the Ad-
vanced Space Propulsion Laboratory at the Johnson Space Center.

So welcome to all of you.

Usually the way that our hearings are, it is a 5-minute limit on
your testimony. We will have a little more leeway here today, but
if you could keep it to about 10 minutes so we will have some time
for questions.

And we will summarize your testimony, and then that will be in-
corporated into the record without objection.

We will start with Todd Mitchell.

STATEMENT OF TODD MITCHELL, PRESIDENT, HOUSTON AD-
VANCED RESEARCH CENTER; ACCOMPANIED BY DAN BUL-
LOCK, HARC RESEARCH SCIENTIST; AND GREG COOK, HARC
AIR QUALITY CONSULTANT AND FORMER EPA REGION 6 AD-
MINISTRATOR

Mr. MiTtcHELL. Thank you very much, Representative Biggert
and Lampson for inviting us to be here today.

First, before I read some of my prepared comments, I am a geolo-
gist. I grew up in the oil business. I am a second generation oil and
gas person and find myself at this stage of my career having de-
cided that there has got to be a better way. And so Houston Ad-
vanced Search Center fully dedicated to looking at clean and re-
newable energy production and energy efficiency as a key compo-
nent of the picture from the standpoint of how a non-profit organi-
zation can help advance some causes that are very important.

Houston Advance Research Center, it is a non-partisan research
organization. Our mission statement says that we are dedicated to
mobilizing the tools of science, policy and technology to improve
people’s lives and protect the environment in Texas. HARC serves
as an unbiased, neutral organization that cooperates with univer-
sities, industry and governmental agencies to address complex and
pressing issues related to how people interact with the natural en-
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vironment on a regional scale. By applying an interdisciplinary ap-
proach to research and policy priorities, HARC seeks to improve
decision-making and increase awareness of how science and tech-
nology can support and implement sustainability concepts.

HARC has been active in energy research since the 1980’s, ini-
tially concentrating on oil and gas technologies. HARC managed
consortium-based research programs funded by many of the world’s
largest E&P companies. Our primary research focus was on seis-
mic, petrophysics and geochemistry. In the early 1990’s the
Geotechnology Research Institute was formed at HARC and des-
ignated as a state entity by the legislature of Texas with a mission
to carry out research related to advanced hydrocarbon exploration
techniques. But in the mid-1990’s, the legislature expanded GTRI’s
mandate to include environmental geosciences.

In 2000 HARC narrowed its mission and dedicated itself to ad-
vancing the concepts of sustainable development in Texas. In the
lexicon of sustainable development, protection of the natural envi-
ronment is given a priority alongside social and economic develop-
ment goals. With its new mission, HARC phased out our petro-
leum-related energy research programs and focused now entirely
on clean and renewable energy.

While there are many reasons for our nation to develop clean and
renewable energy resources, ranging from national security to
minimizing the greenhouse affect on global

climate, HARC is particularly active in the link between energy
generation and urban air quality.

Energy and air quality have become interlocking pieces in a crit-
ical technology and policy puzzle. Energy generated for residential,
business, and transportation uses is a primary cause of air pollu-
tion in Texas cities, as well as cities around the world. There are
four non-attainment areas in Texas for the 1-hour ozone standard,
including Dallas/F't. Worth, Houston/Galveston, Beaumont, Port Ar-
thur, and El Paso. By remaining in a non-attainment status, the
State of Texas stands to lose access to billions of dollars in federal
transportation funds. We have seen estimates recently that the cost
of Texas failing to come into compliance with the attainment stand-
ards could account for a loss of $24 to $26 billion net present value.
So the costs are extremely serious.

The Houston region has the country’s largest petrochemical in-
frastructure, which is a major source of point source pollution. But
Houstonians drive further on average than residents of any other
United States city. And if you add to that a hot and humid climate
and other accidents of geography and meteorology, the result is an
air shed that is capable of producing ozone at unprecedented rates.
The health costs and lost productivity related to air pollution in
Houston alone exceeds $3 billion annually.

The civic and business leadership in Houston has determined
that Houston’s poor air quality is having a detrimental impact on
job creation and corporate relocations to the region.

To address the crisis, the State of Texas is actually doing some
fairly progressive and unprecedented things. There is a program
that is providing $150 million called the Texas Emissions Reduc-
tion Program. $150 million annually for the reduction of air emis-
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sions specifically looking at NOx reductions with a large focus on
diesel emissions.

Within that $150 million program, 9.5 percent of it will be fo-
cused on environmental technologies. There’s an organization
called the Texas Council on Environmental Technology, which will
be funded to the tune of $12 to $15 a year to fund the development
and deployment of air emissions technologies. And I am speaking
about air quality, but ultimately most of these technologies link
back to energy generation.

If T were to describe to HARC’s role, I'd like to sort of divide it
into sort of a energy generation and energy efficiency programs
that we have at HARC.

In the energy supply side, one of the first programs that I'll men-
tioned is in the hydrogen powered automobiles. Hydrogen fuel cells
will be the power trains of the future, but significant market pene-
tration of hydrogen-powered vehicles is over a decade away. In the
meantime, major auto companies will roll out prototype fuel cell ve-
hicles, first in limited pilot programs and then later within fleets,
and finally as a mass market.

Texas has the second and third largest truck and auto market
in the country. We have got significant air quality problems and we
have a fairly pro-business environment. And for those reasons,
Texas has become an essential base of operations for the major
auto companies that will be rolling out fuel cell vehicles. The mar-
ket is too big here and the air quality challenges too significant for
the fuel cell auto manufacturers to ignore the Texas market.

HARC is in discussions with two auto companies about providing
support for fuel cell vehicle roll-outs, and we look to work in the
following areas:

First of all, providing strategic expertise linking the science and
policy of air quality and transportation in Texas;

Secondly, we would like to provide a physical site for pilot scale
demonstration programs;

We would like to identify and coordinate fleet partners to help
roll out these new technologies; and

We would like to be involved with data collection and analysis
to support these auto companies as they manage and test these
fuel cell vehicles.

Within the stationary fuel cell area, we believe that fuel cell pow-
ered vehicles are more than a decade away from being significantly
penetrated into the market, but residential and commercial fuel
cell applications can provide early markets to support industry de-
velopment and technology advancements. Because stationary appli-
cations are less constrained by weight and size limitations and are
easier to supply with hydrogen feedstock, they can be deployed in
greater numbers within the next few years.

An area of need that precedes widespread adoption of this new
technology is the creation of programs to test and evaluate early
commercial products and to communicate this information to poten-
tial consumers. Since 2000, HARC has been engaged in such a pro-
gram and is active in helping industry assess the market readiness
of this technology. Our fuel cell applications consortium is sup-
ported by ChevronTexaco, BP, Shell Hydrogen, Southern Company,
Disney, and other corporate and governmental entities. Texas A&M
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University and University of Houston are active observers in the
consortium.

HARC’s fuel cell applications program is also active in deploying
fuel cells in demonstration settings as a valuable precursor to more
widespread commercial adoption. We are currently in discussion
with the City of Houston and Bush Intercontinental Airport about
a fuel cell program to reduce airport emissions

In the area of hydrogen generation, the main process for hydro-
gen generation today is Steam Methane Reformation or SMR. The
SMR process is based on reacting steam with methane over a cata-
lyst to form hydrogen. The cost of producing hydrogen through
SMR is dependent on the price of natural gas; however, the price
volatility of natural gas and the increasing demand for hydrogen
create the need for a new reliable low cost source of supply. HARC
has established a partnership to investigate a new approach to
produce hydrogen at low cost. The key to the economics of this
process, which is called the HydroMax technology, is the use of car-
bon feedstocks that have little or no value such as biomass, sewage
sludge and municipal waste.

The process is a low risk adaptation of existing bath smelting
technology that has been in commercial use for over 20 years. Con-
ceptual engineering has been performed to develop estimates for a
commercial plant. And a number of process simulations have
shown that a wide range of carbon feedstocks is viable.

The operating cost of producing hydrogen via this process is less
than zero if you take into account byproduct credits for electricity
generation, steam and ammonium sulfate fertilizer. When carbon
sources with a negative net cost are available, such as municipal
waste or sewage sludge, it is possible to produce hydrogen at even
lower costs.

In addition to what I've entered in the written testimony is that
we have made it to a second round of DOE review for a proposal
written to fund a pilot study for this program.

In the reduced energy demand side, we are working actively in
the hybrid vehicle arena. We have a partnership right now with
Environmental Defense and Federal Express. Federal Express has
developed a delivery vehicle that has using a diesel-electric hybrid
motor can reduce fuel use by 50 percent and NOx emissions by 90
percent. This is a developed prototype. There will be six of these
rolled out in the immediate coming months in Texas. With those
vehicles, HARC is being hired to look at market penetration and
to assess air emissions impacts over time. And having executed
this project I think very well, we are now in discussions with other
parties about helping entities who want to introduce these proto-
type technologies in Texas.

Energy efficient buildings is an area that we are hiring a nation-
ally known expert. If you look at buildings nationwide, residences
and commercial building account for approximately one-third of en-
ergy consumption and two-thirds of our electricity to man, as well
as being a contributor to SOx and NOx emissions. There is a major
certification programmed called LEEDs program which is gaining
nationwide recognition as the primary certification for so called
“green buildings.” The problem with green buildings is that that is
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an undefined term until you put metrics onto it. The LEEDS pro-
gram helps define.

Thank you very much.

[The prepared statement of Mr. Mitchell follows:]

PREPARED STATEMENT OF TODD MITCHELL

Introduction

Houston Advanced Research Center (HARC) is a non-partisan research organiza-
tion dedicated to mobilizing the tools of science, policy and technology to improve
people’s lives and protect the environment in Texas. HARC serves as an unbiased,
neutral organization that cooperates with universities, industry and governmental
agencies to address complex and pressing issues relating to how people interact with
the natural environment on a regional scale. By applying an interdisciplinary ap-
proach to research and policy priorities, HARC seeks to improve decision-making
and increase awareness of how science and technology can support and implement
sustainability concepts.

HARC has been active in energy research since the 1980s, initially concentrating
on oil and gas technologies. HARC managed consortium-based research programs
sponsored by many of the world’s largest E&P companies. HARC’s primary research
focus was on seismic imaging of the subsurface, with ancillary programs in
petrophysics and geochemistry. In the early 1990s the Geotechnology Research In-
stitute (GTRI) was formed at HARC and designated as a state entity by the Texas
legislature to carry out research related to advanced hydrocarbon exploration tech-
niques. In the mid-1990s, the legislature expanded GTRI’s mandate to include envi-
ronmental geosciences.

In 2000 HARC narrowed its mission and dedicated itself to advancing the con-
cepts of sustainable development in Texas. In the lexicon of sustainable develop-
ment, protection of the natural environment is given a priority alongside social and
economic development goals. With its new mission, HARC phased out petroleum-re-
lated energy research to focus entirely on clean and renewable energy.

While there are many reasons for our nation to develop clean and renewable en-
ergy resources—ranging from national security to minimizing the greenhouse affect
on global climate—HARC is particularly active in the link between energy genera-
tion and urban air quality.

Energy and Air Quality—HARC’s Role

Energy and air quality have become interlocking pieces in a critical technology
and policy puzzle. Energy generated for residential, business, and transportation
uses is a primary cause of air pollution in Texas cities.

There are four non-attainment areas in Texas for the one-hour ozone standard,
including Dallas-Ft. Worth, Houston-Galveston, Beaumont, Port Arthur, and El
Paso. The new eight-hour standard will expand the number of non-attainment areas
substantially. Houston is consistently second in the U.S. only to the Los Angeles re-
gion in the number of days of ozone exceedances. By remaining in a non-attainment
status, the State of Texas stands to lose access to billions of dollars in federal trans-
portation funds, as well as potentially suffering other penalties and being subject
to federally mandated measures. By failing to meet federal ozone standards, it has
been estimated that Texas would experience economic losses of $24 to $36 billion
over the next 10 years.

The Houston region has the country’s largest petrochemical infrastructure—a
major source of point source pollution—and Houstonians drive further on average
than residents of any other U.S. city. Add to that a hot and humid climate and other
accidents of geography and meteorology, and the result is an air shed that is capa-
ble of producing ozone at unprecedented rates. Health costs and lost productivity re-
lated to air pollution in Houston exceed $3 billion annually. Civic and business lead-
ership in Houston has determined that Houston’s poor air quality is having a detri-
mental impact on job creation and corporate relocations to the region.

To address the air crisis, a variety of measures, some demonstrating unprece-
dented leadership and cooperation, are emerging. The State of Texas, in its recent
legislative session, authorized estimated revenues of $150 million annually for the
Texas Emissions Reduction Program (TERP), an incentive-based program focusing
on reducing vehicle emissions, and NOx emission reductions in particular. A subset
of the TERP funding, allocated to a program called the Texas Council on Environ-
mental Technology (TCET), provides $14 million annually to promote the develop-
ment, deployment, and validation of technology that will reduce air emissions, espe-
cially NOx and VOCs.
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The legislature also approved expenditure of an estimated $3 million for air re-
search on the Dallas and Houston areas. This program, overseen by the Texas Envi-
ronmental Research Consortium (TERC), will improve the reliability of input infor-
mation and air shed models in East Texas. TERC has selected Houston Advanced
Research Center as a Research Management Organization to oversee the expendi-
ture of these funds and to work with regional stakeholders to translate the research
for the benefit of public policy-makers.

Clean Energy Supply—HARC'’s Role

The federal regulations that require States to clean up the air also create opportu-
nities and incentives to deploy new clean energy technologies. HARC is actively en-
gaged in introducing energy technologies with direct impacts on air quality.

Hydrogen powered automobiles. Hydrogen fuel cells are the power trains of the
future, but significant market penetration of hydrogen-powered vehicles is over a
decade away. In the meantime, major auto companies will roll out prototype fuel
cell vehicles, first in limited pilot programs, later within fleets, and finally to a mass
market. Texas, with the second and third largest truck and auto market in the
country, significant urban air quality challenges, and a pro-business environment,
is an essential base of operations for auto companies wishing to roll out fuel cell
powered vehicles. HARC is in discussions with two auto companies about providing
support for fuel cell vehicle roll-outs in the following areas: (a) strategic expertise
linking the science and policy of air quality and transportation in Texas; (b) a phys-
ical site for pilot scale demonstration programs; (c) identification and coordination
ofuﬂeet partners; and (d) data collection and analysis support for operational fuel
cells.

Stationary fuel cells for commercial and residential buildings. While fuel cell pow-
ered vehicles are more than a decade away from being significant in number, resi-
dential and commercial fuel cell applications could provide early markets to support
industry development and technology advancements. Because stationary applica-
tions are less constrained by weight and size limitations and easier to supply with
hydrogen feedstock, they can be deployed in greater numbers within the next few
years. One area of need that precedes widespread adoption of this new technology
1s the creation of programs to test and evaluate early commercial products and to
communicate this information to potential consumers. Since 2000, HARC has been
engaged in such a program and is active in helping industry assess the market
readiness of the technology. Our fuel cell applications consortium is supported by
ChevronTexaco, BP, Shell Hydrogen, Southern Company, Disney, and other cor-
porate and governmental entities. Texas A&M University and University of Houston
are active observers in the consortium. HARC’s fuel cell application program is also
actively deploying fuel cells in demonstration settings as a valuable precursor to
more widespread commercial adoption. HARC is currently in discussion with the
City of Houston and Bush Intercontinental Airport regarding a fuel cell program to
provide low emissions electricity to ground-support equipment.

Hydrogen generation. The main process for hydrogen generation today is Steam
Methane Reformation (SMR). The SMR process is based on reacting steam with
methane (natural gas) over a catalyst to form hydrogen. The cost of producing hy-
drogen through SMR is dependent on the price of natural gas; however, the price
volatility of natural gas and the increasing demand for hydrogen create the need
for a reliable low cost source of supply. HARC has established a partnership to in-
vestigate a new approach to produce hydrogen at a low cost. The key to the econom-
ics of the HydroMax technology is the use of carbon feedstocks that have little or
no value such as biomass, sewage sludge and municipal waste. The process is a low
risk adaptation of existing bath smelting technology that has been in commercial
use for over 20 years. Conceptual engineering has been performed to develop esti-
mates for a commercial plant. A number of process simulations have shown that a
wide range of carbon feedstocks is viable. The operating cost of producing hydrogen
via the HydroMax process is less than zero, —$0.03 per pound (—$0.066/kg), when
the carbon source is petroleum coke priced at $10 per ton and byproduct credits are
taken for electricity, steam and ammonium sulfate fertilizer. When carbon sources
with a negative net cost are available, such as municipal waste or sewage sludge,
it is possible to produce hydrogen at even lower costs.

Reduced Energy Demand—HARC’s Role

HARC is actively involved on the other side of the energy equation, reducing en-
ergy demand. The following programs provide a snapshot of HARC’s activities.

Hybrid vehicles. A promising trend is the rapid pace of technology development
for hybrid engines (gas-electric and diesel-electric) in vehicles. Toyota’s gas-electric
Prius has exceeded expectations as a viable mass-market vehicle. Fleet operators
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are recognizing the life-cycle fuel cost savings associated with hybrid vehicles.
HARC and Environmental Defense have teamed up to work with Federal Express
to introduce diesel-electric hybrid delivery trucks in Texas. FedEx’s design uses 50
percent less fuel and generates 90 percent less NOx emissions than its conventional
vehicle. HARC’s role is to model market penetration scenarios and to predict the air
emissions benefits of this technology. Having successfully managed the FedEx
project, HARC is in discussion with other potential partners interested in intro-
ducing hybrid fleet vehicles in Texas.

Energy efficient buildings. Nationwide, residences and commercial buildings ac-
count for approximately one-third of our energy consumption and two-thirds of our
electricity demand. From the perspective of national air quality, almost one-half of
SOx emissions, one-quarter of NOx emissions, and one-third of greenhouse gas
emissions are attributed to the energy consumed by buildings. The Department of
Energy has established the target to have a net zero energy residential building sys-
tem by 2020 and a net zero energy commercial building by 2025. The recent growth
of the U.S. Green Building Council (USGBC, a Washington D.C.-based non-profit)
is an important development. In 1995, USGBC created the LEED™ (Leadership in
Energy & Environmental Design) Rating System in response to the U.S. market’s
demand for a definition of “green building.” USGBC’s membership is growing rap-
idly and the LEED™ standard is becoming the common measure of green design.
We see a powerful convergence of clean and renewable energy generation tech-
nologies, energy efficiency technologies, and green building standards as forces that
will propel a new era in energy efficient building design. Communities will be able
to set well-defined goals for building efficiency that architects, builders, and occu-
pants can understand. HARC has recently hired a national leader in green buildings
to provide support for institutions in our region that look to implement green build-
ing concepts to reduce the energy demands of buildings.

Building Systems and Materials. Equipment and systems that provide thermal
comfort and adequate indoor air quality for residential and commercial buildings
consume 39 percent of the total energy used in buildings nationwide. In the greater
Houston area, however, the cooling load can be much higher. A recent greater Hous-
ton area forecast predicts that 35,000 new homes will be added to the regional sin-
gle-family home inventory annually for at least the next five years. HARC is work-
ing with others on a program designed to advance the state-of-the-art and overcome
barriers associated with the use of desiccant dehumidification systems for residen-
tial applications. The team is in the process of designing and testing various options
that incorporate a desiccant system for humidity control in a residential application.
Humidity control is a large part of the air conditioning load. Incorporating desiccant
dehumidification systems into residential HVAC systems can impact electrical usage
and perhaps even decrease initial costs by reducing the size of the conventional
HVAC system. Part of the project is to verify the energy usage related to desiccant
systems, to educate the public and to identify the market potential for residential
applications. Homes can be designed to reduce the costs of ownership by increasing
energy-efficiency, conserving water and reducing maintenance costs through the use
of more durable building materials. A key part of HARC’s Building Systems pro-
gram will be the integration of sensors, information technology, and modeling soft-
ware to assess and diagnose energy performance in buildings.

Superconductivity. As the application of high temperature superconductivity slow-
ly becomes a reality, incremental progress in the development of materials will be
a key to success. Superconducting materials must be engineered to meet rigorous
specifications, meeting both safety and quality standards. The design and use of low
temperature and high temperature superconducting materials to store energy can
greatly enhance power utilization. For 18 years HARC has worked with corporate
and university partners in the design, construction and testing of various energy-
storage devices. For example, HARC assembled a six-coil array micro-super-
conducting magnetic energy storage (micro-SMES) unit as part of a State contract
to demonstrate the commercial feasibility of micro-SMES technology. University of
Houston has been researching high temperature superconducting material for ap-
proximately 18 years. HARC and UH have teamed up to explore and exploit the re-
cent advances in the development of high temperature superconducting wire. These
advances may be the basis for development of coils that can be used in magnetic
energy storage devices and energy transmission systems that reduce energy loss.

Power Sources. More than 800,000 small (less than 15kW) generators are sold in
the U.S. each year. Principle uses for these small generators are as emergency back-
up power units (principally residential) and for use as portable (off-grid) electric
power in the construction industry. The potential to design micro-combined heating
and power (micro-CHP) systems so that they also function as emergency back-up
power systems for residential applications may represent a significant market op-
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portunity. Residential scale micro-CHP systems may recover thermal energy for
uses such as space heating, space cooling, dehumidification, domestic water heating,
and other HVAC and indoor air quality (IAQ) functions. HARC is working with po-
tential partners to demonstrate the value of micro-CHP technology as a way to re-
duce peak power demand and raise energy efficiency in residences.

Chairwoman BIGGERT. Thank you. That was excellent.
Dr. Smalley.

STATEMENT OF DR. RICHARD E. SMALLEY, DIRECTOR, CAR-
BON NANOTECHNOLOGY LABORATORY, RICE UNIVERSITY;
ACCOMPANIED BY DR. HOWARD K. SCHMIDT, EXECUTIVE DI-
RECTOR, CARBON NANOTECHNOLOGY LAB; AND DR. ROB-
ERT H. HAUGE, TECHNOLOGY DIRECTOR, CARBON
NANOTECHNOLOGY LAB

Dr. SMALLEY. Thank you, and welcome to Rice University. In
fact, welcome to the home of the fullerenes. 1985, in a laboratory
just a short distance from where we sit, my colleagues and I discov-
ered C60, the buckyball, and what has turned out to be an infinite
new class of geodesic materials, molecules made of carbon, which
we call the fullerenes. It was fundamental research project carried
out, in part, with support from federal grants from the U.S. Army
Research Office, Basic Energy Sciences office of the Department of
Energy, and the National Science Foundation.

The key graduate student involved in this discovery was a local
Texas boy, Jim Heath, who is now a full professor at Cal Tech and
is one of the very top stars worldwide in molecular electronics and
nanotechnology. In a very important way, Jim Heath’s graduate re-
search based in the early ’80’s was part of the birth of what we now
call nanotechnology.

Yesterday I was privileged to stand in the Oval Office behind the
President as he signed the 21st Century Nanotechnology Research
and Development Act which you on this committee did so much to
make real. And I thank you for your efforts. I believe this will be
a watershed event for the vitalization of science and technology in
our country.

Energy is the single most important issue facing humanity today.
Within this decade it is likely that world oil production will peak.
Within another decade, unless we are incredibly lucky, worldwide
natural gas production will also peak, and we will no longer be able
to meet burgeoning worldwide demand for energy as China, India,
and Africa develop. What will be our energy source then? What will
fuel our cars, ships and planes? Will it be hydrogen? We must find
an answer.

Through revolutionary breakthroughs in science, we must enable
the development of new technologies which will be the basis for en-
ergy prosperity for ourselves and for the rest of the expected to be
10 billion people on this planet. It must be clean, and most impor-
tantly it must be cheap.

I am optimistic that this is possible. We can get there. But it will
take a prodigious effort, and nanotechnology, I suspect, will be a
big part of that effort.

We are engaged here at Rice University in a particular sort of
nanotechnology research that will likely play a major role in future
energy. A tube-shaped member of the fullerene family, molecularly
precise objects we here at Rice lovingly call “buckytubes” are the
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current obsession of my research group and many others both here
at Rice and around the world.

These structures are composed of a single sheet of carbon
wrapped around to form a seamless tube, rather like a soda straw.
But this soda straw is smaller than the diameter of a molecule of
DNA. It is made of the strongest one-atom-thick membrane that
can exit in this universe: the hexagonal “chicken wire” network of
carbon atoms that you find in graphite. Capped at either end by
a half of a buckyball, these single-walled carbon nanotubes are per-
fect fullerenes. They do deserve the name of tubes.

They have amazing properties. They are the strongest fibers that
can be made, 30-100 times stronger than steel. They conduct heat
along their length better than diamond, which hitherto was the all-
time record holder for thermal conductivity. They are the best con-
ductors of electricity of any molecule ever discovered.

We are engaged here at Rice in learning how to make these
buckytubes, in discovering what makes them be what they are, and
in developing applications. We like to think of them as a new mir-
acle polymer, like Nylon was in its day, or Teflon, or polypropylene,
or Kevlar. And we are convinced that ways can be found to make
buckytubes on a large industrial scale much like these earlier, now
well-established polymers.

These single walled carbon nanotubes are uniquely specified by
two small integers, usually called n and m. The diameter is roughly
proportional to the sum, n+m. The electronic properties, however,
are determined by the difference of these two integers, n—m. If n
and m are the same, then n—m=0 and the tube conducts electrons
like a perfect metal. In the trade it is called and “arm-chair” tube.
Electrons move down this tube as a coherent quantum particle,
traveling down the tube much like a photon of light travels down
a single mode optic fiber. Individual armchair tubes can conduct as
much as 20 micro-amps of current. This doesn’t sound like much
until you realize that his little molecular wire is only one
nanometer in diameter. So a half inch thick cable made of these
tubes aligned parallel to one and packed side-by-side like pipes in
a hardware store, would have over 120 trillion conductors packed
side-by-side.

If each of these tubes carried only one micro-amp, only two per-
cent of what has measured in the laboratory and many places as
being its maximum of 25, only two, one on micro-amp, this half
inch thick cable of carbon, amass a density of one-sixth of copper,
would be carrying one hundred million amps of current. Fabri-
cating such a cable, we call it the “armchair quantum wire,” is a
prime objective of our work.

There are two other types of buckytubes. One is a direct band-
gap semiconductor in one dimension, with a band-gap very similar
to silicon or actually much more similar gallium arsenide, a direct
band-gap semiconductor. We have recently discovered that these
buckytubes emit light, and have worked out exactly the band gap
as a function of n and m.

The other type of buckytube is also a semiconductor, but has a
tiny band-gap similar in energy to microwaves. This behavior oc-
curs whenever n—m is an exact multiple of three.
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There are now four principal ways known for producing
buckytubes. Three of these were discovered here at Rice University
a few block away. Currently these tubes are being produced here
at Rice, in fact right as we speak, by a process we call “HiPco” at
a rate of about 25 grams per day in a research reactor here at Rice,
and in pounds per day right now in a variety of related processes
in a small nanotechnology start up company, Carbon
Nanotechnologies, Inc., which was spun out of Rice about four
years ago, and is located near here on the outskirts of Houston.

At Rice we are developing yet a new process for production of
buckeytubes where we will grow the tubes from seeds, short
lengths of previously selected buckytubes where we have attached
nanocatalyst particles to the open ends. The process that we are
developing produces long tubes which are exact clones of the tubes
from which the seeds were made. This cloning process should give
us control of n and m for the first time.

When we succeed, the impact on energy technologies may be im-
mense. Running the cloning reactor with arm-chair seeds we
should be able to make pounds of all armchair buckytubes. Using
a process we have been developing for the past few years with sup-
port from the Office of Naval Research, we expect to be able to spin
these nanotubes into continuous fibers. This process resembles the
spinning of Kevlar. But here instead of forming a strong electrical
insulator like Kevlar, the all-armchair buckytube fiber will be an
electrical conductor. We expect the conductivity to be extremely
high, both because of the quantum light-pipe behavior as the elec-
trons traveling down the individual tubes, but also because of facile
resonant quantum tunneling of the electron from tube to an adja-
cent tube.

To get a feeling for this bizarre quantum tunneling behavior,
imagine that you are sitting on a subway train in New York City
late at night. You're sleepy and for a moment you nod off. But
there is another exactly identical train running parallel to you and
when you wake up you wake up on this other train. So it is when
electrons quantum tunnel from tube to tube in these arm-chair
quantum wires. Welcome to the amazing world of nanotechnology!

Running a cloning buckytube reactor with seeds having a direct
band-gap of, say, 1 eV, you make pounds of tubes that are just
right for making single molecule buckytube transistors. Or, more
interestingly for energy applications, you make the tubes so that
they are optimized as nanoscale antenna for the use in the conver-
sion of sunlight.

We have collaborated with the National Renewable Energy Lab-
oratory and Air Products in a proposal to the DOE to establish a
Virtual Center for Carbon-Based Hydrogen Storage. Our role in
this collaboration, our role here at Rice, is to be the principal lab-
oratory that develops single walled carbon nanotubes
(buckytubes)

Chairwoman BIGGERT. If you could close now.

Dr. SMALLEY. Stop? Okay. Optimized for storage of hydrogen.

Chairwoman BIGGERT. We will hear more about buckeytubes in
the questions.

Dr. SMALLEY. We believe that this cloning process will provide
the tubes that are going to be critical for this function.
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Thank you.
[The prepared statement of Dr. Smalley follows:]

PREPARED STATEMENT OF RICHARD E. SMALLEY

Welcome to the home of the fullerenes. In 1985, in a laboratory just a short dis-
tance from where we meet today, my colleagues and I discovered C60, the buckyball,
and what has turned out to be an infinite class of new geodesic molecules of carbon,
the fullerenes. It was fundamental research carried with support from federal
grants from the U.S. Army Research Office, the Basic Energy Sciences office of the
Department of Energy, and the National Science Foundation. The key graduate stu-
dent involved in this discovery was a local Texas boy, Jim Heath, who is now a full
professor at Cal Tech and is one of the top stars worldwide in molecular electronics
and nanotechnology. In a very important way, Jim Heath’s graduate research was
part of the birth of what we now call nanotechnology.

Yesterday I was privileged to stand in the Oval Office behind the President as
he signed the “21st Century Nanotechnology Research and Development Act” which
you on this committee did so much to make real. I thank you for those efforts. I
believe this will be a watershed event for the vitalization of science and technology
in this country.

Energy is the single most important issue facing humanity today. Within this dec-
ade it is likely that worldwide oil production will peak. Within another decade, un-
less we are incredibly lucky, worldwide natural gas production will also peak, and
we will no longer be able to meet burgeoning worldwide demand for energy as
China, India, and Africa develop. What will be our energy source then? What will
fuel our cars, ships and planes? Hydrogen? We must find an answer.

Through revolutionary breakthroughs in science, we must enable the development
of new technologies which will be the basis for energy prosperity for ourselves and
the rest of what will likely be 10 billion people on this planet. It must be clean, and
most importantly it must be cheap.

I am optimistic that this is possible. We can get there. But it will take a pro-
digious effort, and nanotechnology will be a big part of that effort.

We are engaged here at Rice University in a particular sort of nanotechnology re-
search that will likely play a major role in future energy. A tube-shaped member
of the fullerene family, molecularly precise objects we here at Rice lovingly call
“buckytubes” are the current obsession of my research group and many others both
here at Rice and around the world.

These structures are composed of a single sheet of carbon wrapped around to form
a seamless tube, rather like a soda straw. But this soda straw is smaller in diame-
ter than a molecule of DNA, and it is made of the strongest one-atom-thick mem-
brane that exits in the Universe: the hexagonal “chicken wire” network of carbon
atoms in a sheet of graphite. Capped at either end by a half of a buckyball, these
single-walled carbon nanotubes are perfect fullerenes. They deserve the name
buckytubes.

They have amazing properties. They are the strongest fibers that can be made,
30-100 times stronger than steel. They conduct heat along their length better than
diamond, which previously was the all-time record holder for thermal conductivity.
They are the best conductors of electricity of any molecule ever discovered.

We are engaged here at Rice in learning how to make these buckytubes, in discov-
ering just what makes them what they are, and in developing applications. We like
to think of them as a new miracle polymer, like Nylon was in its day, or Teflon,
or polypropylene, or Kevlar. And we are convinced that ways can be found to make
buckytubes on a large industrial scale much like these earlier, now well-established
polymers.

These single walled carbon nanotubes are uniquely specified by two small inte-
gers, n and m. The diameter is roughly proportional to the sum, n+m. The elec-
tronic properties, however, are determined by the difference, n—m. If n and m are
the same, then n—m=0 and the tube conducts electrons like a perfect metal. In the
trade it is called and “arm-chair” tube. Electrons move down this tube as a coherent
quantum particle, traveling down the tube much like a photon of light travels down
a single mode optic fiber. Individual armchair tubes can conduct as much as 20
micro